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AIR CONDITIONER 

Techmcal Field 
[0001] 

The present invention relates to air conditioners, and in particular, it 
relates to an air-conditLoner having a cross-flow fan capable of reducing the input 
of a fan motor necessary for obtaining a predetermined airflow from an indoor 
unit. 

Background Art 
[0002] 

In conventional air conditioners, aerodynamic characteristics of the cross- 
flow fan and the heat transfer performance of a heat exchanger have been 
improved by changing blade shapes of the cross-flow fan without changing the 
arrangement of the heat exchangers or by changing the arrangement of the heat 
exchangers without changing the blade shapes of the cross-flow fan. 

[0003] 

In the conventional air-conditioner having the re- arranged heat exchangers 
without changing the blade shapes of the cross-flow fan, a front heat exchanger 
and a back heat exchanger are arranged above the cross-flow fan by combining 
them in a X.-shape so as to improve the performance of the indoor unit by bringing 
out the respective heat-transfer performance of the front and back heat 
exchangers to the utmost (Patent Document l). 

[0004] 

[Patent Document l] Japanese Unexamined Patent Application 
Publication No. 2000-329364, [0009] to [0015], Fig. 1 
Disclosure of the Invention 
Problems to be Solved by the Invention 



[0005] 

In the conventional air conditjoning unit, when the blade shapes of the 
cross-flow fan are changed without changing the arrangement of the heat 
exchangers, an air inflow direction in a suction region of the cross-flow fan is 
defined by the arrangement of the heat exchangers, so that the blade is shaped so 
as not to stall in the suction region and so as difficult to gush in a dehvery region. 

[0006] 

On the other hand, when the arrangement of the heat exchangers is 
changed without changing the blade shapes of the cross-flow fan, an air-inflow 
direction in a suction region of the cross-flow fan is varied depending on the 
arrangement of the heat exchangers and an attack angle of the blades is also 
changed so as not to have optimum blade shapes. 

In such a manner, in the conventional air-conditioning units, since the 
arrangement of the heat exchangers is changed without changing the blade 
shapes of the cross-flow fan or the blade shapes of the cross-flow fan are changed 
without changing the arrangement of the heat exchangers, there has been a 
problem that the input power and the revolution speed of a fan motor required 
for obtaining a predetermined airflow are large. 

[0007] 

The present invention .has been made in order to solve the problems 
described above, and it is an object thereof to provide an air-conditioning unit 
capable of reducing the input power and the revolution speed of a fan motor 
reqxured for obtaining a predetermined airflow. 
Means for Solving the Problems 

[0008] 

An air conditioner according to the present invention includes an indoor 
unit having at least one inlet and one outlet; a cross-flow fan connected to a fan 
motor; a front heat exchanger; and a back heat exchanger, wherein an 
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installation angle a of the front heat exchanger positioned above the rotational 
center of the cross-flow fan relative to the horizon is 65** s a ^ 90^, a point of the 
back heat exchanger closest to the front heat exchanger is located adjacent to the 
front heat exchanger from the rotational center of the cross-flow fan, and an 
outlet angle p2 of a blade of the cross-flow fan is 22° s p2 s 28**. 
Advantages 
[0009] 

According to the present invention, the installation angle a of a front heat 
exchanger arranged above the rotational center of a cross-flow fan relative to the 
horizon is 65** ^ a ^ 90"*, the point of a back heat exchanger closest to the front 
heat exchanger is positioned adjacent to the front heat exchanger from the 
rotational center of the cross-flow fan, and the outlet angle p2 of a blade of the 
cross-flow fan is 22° s p2 s 28°, so that the input power and the rotational speed 
of a fan motor necessary for obtaining a predetermined flow rate can be reduced. 
Brief Description of the Drawings 

[0010] 

[Fig. l] Fig. 1 is a structural drawing of an air conditioner according to a first 
embodiment of the present invention. 

[Fig. 2] Fig. 2 is a structural drawing of the first embodiment according to the 
present invention showing flow path lines inside the air conditioner. 

[Fig. 3] Fig. 3 is a structural drawing of a blade of a cross-flow fan showing the 
structure of the first embodiment according to the present invention. 

[Fig. 4] Fig. 4 is a structural drawing of the blade of the cross-flow fan showing 
the structure of the first embodiment according to the present invention. 

[Fig. 5] Fig. 5 is a relative-speed distribution drawing of the blade of the cross- 
flow fan showing the structure of the first embodiment according to the present 
invention. 

[Fig. 6] Fig. 6 is a structural drawing of the air conditioner according to the 



first embodiment of the present invention. 

[Fig. 7] Fig. 7 is a structural drawing of the first embodiment according to the 
present invention showing flow path hnes of the air conditioner. 

[Fig. 8] Fig- 8 is a structural drawing of the first embodiment according to the 
present invention showing flow path lines inside a heat exchanger. 

[Fig. 9] Fig. 9 is an explanatory view of the structure of the first embodiment 
according to the present invention illustrating a flow downwind the heat 
exchanger. 

[Fig. 10] Fig. 10 is a drawing of the structure of the first embodiment according 
to the present invention showing the relationship between an airflow rate and an 
installation angle of the heat exchanger. 

[Fig. 11] Fig. 11 is a drawing of the structure of the first embodiment according 
to the present invention showing the relationship between an input power of a 
fan motor and an installation angle of the heat exchanger. 

[Fig. 12] Fig. 12 is a drawing of the structure of a second embodiment according 
to the present invention showiag the relationship between an input power of the 
fan motor and an outlet angle. 

[Fig. 13] Fig. 13 is a torque distribution drawing of the cross-flow fan showing 
the structure of the second embodiment according to the present invention, 

[Fig. 14] Fig. 14 is a drawing of the structure of a third embodiment according 
to the present invention showiag the relationship between an input power of the 
fan motor and an inlet angle. 

[Fig. 15] Fig. 15 is a drawing of the structure of the third embodiment 
according to the present invention showing separation on a suction surface in the 
suction region of the cross-flow fan. 

[Fig. 16] Fig. 16 is a drawing of the structure of the third embodiment 
according to the present invention showing the separation on a pressure surface 
in the dehvery region of the cross-flow fan. 



[Fig. 17] Fig. 17 is a drawing of the structure of the third embodiment 
according to the present invention showing the separation on a suction surface in 
the vicinity of a stabilizer. 

[Fig. 18] Fig. 18 is a drawing of the structure of a fourth embodiment according 
to the present invention showing an input power of the fan motor. 

[Fig. 19] Fig. 19 is a drawing of the structure of the fourth embodiment 
according to the present invention showing an airflow rate. 

[Fig. 20] Fig. 20 is a drawing of the structure of the fourth embodiment 
according to the present invention showing the separation on a suction surface in 
the suction region of the cross-flow fan. 

[Fig. 2 1] Fig. 2 1 is a drawing of the structure of a sixth embodiment according 
to the present invention showing a section of an indoor unit. 

[Fig. 22] Fig. 22 is a drawing of the structure of the sixth embodiment according 
to' the present invention showing an input power of the fan motor. „ 

[Fig.- 23] Fig. 23 is a drawing of the structure of the sixth embodiment according 
to the present invention showing a velocity vector. 
Reference Numerals 
[0011] 

1- cross-flow fan, 2- front heat exchanger, 3- back heat exchanger, 4^ 
installation angle, 6- air inlet, 7^ air outlet, 8- indoor unit, 10- fan suction region, 
12- attack angle, 13- blade, 14^ suction surface, 15^ pressure surface, 21' inlet 
angle, 38- fan delivery region, 40- region in vicinity of stabilizer, 43, 44- auxiliary 
heat exchanger, 48- distance 
Best Mode for Carrying Out the Invention 

[0012] 
First Em hnHiTTifiTit 

Fig. 1 is a sectional view of an indoor unit for an air conditioner according 
to a first embodiment of the present invention; Fig. 2 is a drawing showing air 



path lines within the indoor unit of the air conditioner according to the first 
embodiment of the present invention; and Figs. 3 and 4 are structural drawings 
of a blade of a cross-flow fan showing the structure according to the first 
embodiment of the present invention. 
[0013] 

In Fig. 1, an indoor unit 8 includes air inlets 6 formed on the front face and 
the top face of a front panel 56, an air outlet 7 formed on the bottom surface of 
the indoor imit 8, a cross-flow fan 1 arranged corresponding to the air outlet 7 of 
the indoor unit 8, a fi:ont heat exchanger 2 with upper and lower marginal 
portions retracted respectively arranged so as to oppose the air inlets 6 on the 
front and upper faces, a back heat exchanger 3 arrange in the rear of the front 
heat exchanger 2 at a position where its upper marginal portion comes dose to 
the upper marginal portion of the front heat exchanger 2 so as to oppose the air 
inlet 6 on the upper face and to be indined in a direction in that its lower 
marginal portion is separated from the firont heat exchanger 2, an air-deaning 
filter 5 arranged inside the firont panel 56, a stabilizer 39 for letting air generated 
from the cross-flow fan 1 to flow smoothly, an auxiliary heat exchanger 43 
provided on the front heat exchanger 2, and an auxiliary heat exchanger 44 
provided on the back heat exchanger 3. The rotational center point of the cross- 
flow fan 1 is indicated by O; the point of the back heat exchanger 3 closes to the 
front heat exchanger 2 is denoted by Al and the arrangement state of the firont 
heat exchanger 2 is shown by an angle 4 of the upper portion of the firont heat 
exchanger 2. 

[0014] 

Then, the operation of the indoor unit 8 will be described with reference to 
Figs. 1 to 11. 

Fig. 2 is a drawing showing air path lines within the indoor unit 8, wherein 
a fan suction region 10 is part of a suction region of the cross-flow fan i; a 



delivery region 38 is part of a delivery region of the cross-flow fan 11 a region 40 
denotes a region 40 in the vicinity of the stabilizer 39; and air 9 flows in the 
suction region 10 from the direction of the back heat exchanger 3 as shown in 
arrow 11, In Fig. 3, reference numeral 13 denotes a blade of the cross -flow fan; 
numeral 14 a suction surface of the blade 13; numeral 15 a pressure surface; 
reference character B an end point of a leading edge 18 of the blade 13; and 
character C an end point of a trailing edge 19. An attack angle 12 is defined by a 
straight Hne BC and a relative-speed vector 17 of the air 9 at point B, and arrow 
16 is designated to be positive. 
[0015] 

In Fig. 4, reference numeral 20 denotes an outlet angle; numeral 21 an 
inlet angle; numeral 22 a blade chord; numeral 23 chord length representing the 
length of the blade chord 22; numeral 24 a camber Une; character E an 
intersecting point of a perpendicular line from a point D on the blade chord 22 
and the camber line 24; numeral :25 a maximum warp representing a maximum 
length of a line segment D£; numeral 41 a maximum blade thickness; character 
O a rotational center of the cross-flow fan i; numeral 26 a circle passiag a point 
B; numeral 27 a circle about the rotational center O of the cross-flow fan 1 
passing a point C, wherein the radius of the circle 26 is larger than that of the 
circle 27; the outlet angle 20 is defined by the camber Une 24 and the circle 26; 
the inlet angle 2 1 is defined by the camber hne 24 and the circle 27; the blade 
chord 22 is a line segment BC; and the maximum blade thickness 41 is the 
maximum diameter of a circle touching with the suction surface 14 and the 
pressure surface. 

[0016] 

In the structure described above, when the cross-flow fan 1 is rotated by 
the operation of a fan motor (not shown), the air 9 existing outside the indoor 
unit 8 is sucked from the air inlets 6 so as to blow out from the air outlet 7 via 



the air-cleaning filter 5, the firont heat exchanger 2, the back heat exchanger 3, 
and the cross-flow fan 1. The air-cleaning filter 5 removes dust containing in the 
air 9 and the fi'ont heat exchanger 2 and the back heat exchanger 3 exchange 
heat with the air 9 so as to cool the air 9 in a cooling period and heat the air 9 in 
a heating period. 
[0017] 

Then, the relative speed distribution of the blade 13 of the cross-flow fan 1 
will be described with reference to Fig. 5. Pig. 5 shows the state in that an attack 
angle is large in the fan suction region 10 and separation is generated on the 
suction surface 14. There is a problem that if the separation is generated on the 
suction surface 14 in such a manner, the input power and the revolution speed of 
the fan motor required for obtaining a predetermined airflow become large. 

[0018] 

There are methods for suppressing the separation on the suction surface 14 
of a method for allowing the air 9 to flow in the fan suction region 10 from the 
direction of the firont heat exchanger 2 not firom the back heat exchanger 3 as 
shown in Fig. 2, and a method for modifying the shape of the blade 13, such as 
redudng the outlet angle 20 of the blade 13. However, since the latter method 
has a.shape in that air is difficult to flow in the delivery region, there is a 
problem that the input power of the fan motor and the revolution speed of the fan 
required for obtaining a predetermined airflow aire large, so that the method for 
allowing the air to flow in the fan suction region 10 from the direction of the fi:ont 
heat exchanger 2 is preferable. 

[0019] 

Next, the method for allowing the air to flow in the fan suction region 10 
firom the direction of the firont heat exchanger 2 will be described with reference 
to Figs. 6 to 9. Fig. 6 is a structural drawing of the air conditioner according to 
the fiirst embodiment of the present invention; Fig. 7 shows air path lines of the 



air conditioner; Fig. 8 is a drawing showing the relationship between the inlet 
angle and the outlet angle into and out of the heat exchanger; and Fig. 9 is an 
explanatory view of air flow in the lee side of the heat exchanger. 
[0020] 

Fig. 6 shows an example of the arrangement of the front heat exchanger 2 
and the back heat exchanger 3 in that an installation angle 4 of the front heat 
exchanger 2 located above the rotational center O of the cross-flow fan 1 is 65** or 
more relative to the horizon and a point of the back heat exchanger 3 closest to 
the front heat exchanger 2 is positioned adjacent to the front heat exchanger 2 
from the rotational center O of the cross-flow fan 1. Reference numeral 28 
denotes an angle defined by the straight line OA and a perpendicular from the 
point O. In Fig. 6, the angle 4 is 73,6^; and the angle 28 is 17.6°. ■ ^ 

[0021] 

Air path lines of the air conditioner in this structure, as shown in Fig. 7, 
are flowing into the fan suction region 10 from the direction of the front heat 
exchanger 2 differently from those shown in Fig. 2, 

[0022] 

The reason that air is flowing into the fan suction region 10 from the 
direction of the front heat exchanger 2 in such a manner will be described. First, 
the relationship between the inlet angle and the outlet angle into and out of the 
heat exchanger will be described with reference to Fig. 8. Fig. 8 includes 
drawings showing three-dimensional analysis results of an outlet angle 3 1 of a 
model heat exchanger 29 when the heat exchanger 29 is placed in a wind tunnel 
so as to change an inlet angle 30. As shown in Fig. 8, the outlet angles 31 are 
small not depending on the inlet angles 30, and air flows out substantially 
perpendicularly to the heat exchanger 29. This is due to interaction between 
refrigerant piping 32 and fins (not shown). 

[0023] 
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Then, the reason that air is flowing into the fan suction region 10 from the 
direction of the front heat exchanger 2 will be described with reference to Fig. 9. 
Fig. 9 is an explanatory view of the reason that air is flowing into the fan suction 
region 10 from the direction of the front heat exchanger 2 in Fig. 7. 

As shown in Fig. 8, the outlet angle 31 is substantially perpendicularly to 
the model heat exchanger 29 not depending on the inlet angles 30 of the model 
heat exchanger 29, and a velocity vector 34 perpendicular to the front heat 
exchanger 2 and a velocity vector 35 perpendicular to the back heat exchanger 3 
are considered. In the vector sum 36 of the velocity vector 34 and the velocity 
vector 35, with decreasing an angle 37 defined by the vector sum 36 and the 
horizontal component vector 42 of the vector sum 36 in a direction of the vector 
sum 36 extending from the front heat exdianger 2 toward the fan suction region 
10, in the fan suction region, air is liable to flow into the suction region 10 from 
the direction of the front heat exchanger 2. To reduce the angle 37, it is 
preferable that the installation angle 4 of the front heat exchanger 2 be increased 
and the angle 28 (see Fig. 6) defined by the straight line OA and the 
perpendicular passing the point 0 be increased. 

[0024] 

The experimental results regarding to the installation angle 4 of the front 
heat exchanger 2 will be described with reference to Figs. 10 and 11. Fig. 10 is a 
drawing showing the relationship of experimental values between an air flow 
rate flowing out of the indoor unit 8 and the angle 4 when the angle 4 is changed 
while the revolving speed of the cross-flow fan 1 is 1500 rpmJ and Fig. 11 is a 
drawing showing the relationship of experimental values between an input power 
of the fan motor and the angle 4 when the flow rate flowing out of the indoor unit 
8 is 16 m^/min. The cross-flow fan 1 used in the experiments shown in Figs. 10 
and 11 has an external diameter of the blade 13 of lOO^l an outlet angle 20 of 26**; 
an inlet angle 21 of 94"*; a chord length 23 of 12.4 mm; and a maximum warp 25 
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of 2.5 mm. 
[0025] 

The experiments were made under conditions that the numbers of stages of 
the front heat exchanger 2 and the back heat exchanger 3 are 4 and 6, 
respectively, and the numbers of rows thereof are 21 the row pitch of the 
refrigerant piping 32 is 12.7 mm and the stage pitch thereof is 20.4 mm; the 
height of the indoor unit 8 is 305 mm; the shortest distance between the blade 13 
and the front heat exchanger 2 is 15 mm; and the angle 4 is 60 to 90**. In Fig. 10, 
when the angle 4 at 1500 rpm is 60^, the air flow rate is set to be 100. In Fig. 10, 
when the angle 4 at 1500 rpm is 60°, the input power of the fan is set to be 100. 

[0026] 

As shown in Fig. 10, with increasing angle 4, the flow rate at 1500 rpm 
increases, and as shown in Fig. 11, with increasing angle 4, the input power of 
the fan at the flow rate 16 m^/min reduces. In a cooling period, moisture is 
condensed when the air 9 is passing through the front heat exchanger 2 and the 
auxihary heat exchanger 43 so as to be liable to generate water droplets; when 
the angle 4 is smaller than 65"*, a problem arises in that part of the water 
droplets flows into the cross-flow fan 1 so as to blow out outside the indoor unit 8 
or to stick on a wall of the air outlet 7. When the angle 4 is larger than 90®, the 
distance between the front heat exchanger 2 and the auxiliary heat exchanger 43 
becomes short in the vicinity of a junction therebetween, so that an air resistance 
is produced before the wind. There is also a problem that the depth of the unit 
increases. 

[0027] 

As described above, when the angle 4 of the front heat exchanger 2 is not 
65 to 90"* and the point A of the back heat exchanger 3 closest to the front heat 
exchanger 2 is not located adjacent to the back heat exchanger 3 from the 
rotational center O of the cross-flow fan 1, there has been a problem that the 
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input power and the revolution speed of a fan motor required for obtaining a 
predetermined airflow are large. Whereas, when the angle 4 of the front heat 
exchanger 2 is 65 to 90"* and the point A of the back heat exchanger 3 closest to 
the front heat exchanger 2 is located adjacent to the front heat exchanger 2 from 
the rotational center O of the cross-flow fan 1, the input power the fan motor 
required for obtaining a predetermined airflow can be reduced. 
[0028] 

According to the embodiment, as shown in Fig. 6, the point F and the point 
G of the front heat exchanger 2 are positioned on a straight line; alternatively, 
the point F and the point G may not be positioned on the straight line. In this 
case, when the line FG is curved, the angle 4 is the maximum value of the angle 
defraed by a line tangent to the curved line FG and the horizontal line. 

[0029] 

Second F inhnHiTni^nt. 

In a second embodiment, a range of the outlet angle 20 of the blade 13 of 
the cross-flow fan 1 capable of reducing the input power of the fan motor 
necessary for obtaining a predetermined airflow is determined by experiments. 

[0030] 

Fig. 12 is a drawing of the structure of the second embodiment according to 
the present invention showing the relationship between the input power of the 
fan motor and the outlet angle; Fig. 13 is a drawing of the structure of the second 
embodiment according to the present invention showing the torque distribution 
of the cross-flow fan. The structure of an air conditioner is the same as that 
according to the first embodiment shown in Fig. 6 in which the range of the outlet 
angle 20 shown in Fig. 4 according to the first embodiment is determined, and 
the description the structure is omitted. 

[0031] 

The cross-flow fan 1 used in the experiments had an external diameter of 
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the blade 13 of 100(^1 an inlet angle 2 1 of 94°; a chord len^h 23 of 12.4 mm; and a 
maximum warp 25 of 2.5 mm; the angle 4 shown in Fig. 6 was 73.6''; and the 
angle 28 was IT.G"". The numbers of stages of the front heat exchanger 2 and the 
back heat exchanger 3 were 4 and 6, respectively, and the numbers of rows 
thereof were 2; the row pitch of the refrigerant piping 32 was 12.7 mm and the 
stage pitch thereof was 20.4 mm; and the height of the indoor unit 8 was 305 mm. 

Then, the outlet angle 20 of the blade 13 of the cross-flow fan 1 was 
changed in the range of 22 to 30**, and the input power of the fan motor necessary 
for obtaining a flow rate of 16 m^/min was investigated. 

[0032] 

The experimental results are shown in Fig. 12. In Fig. 12, when the outlet 
angle 20 is 25"* and the air flow rate flowing out of the indoor unit 8 is 16 m^/min, 
the input power of the fan motor is set to be 100. 

As shown in Fig. 12, when the outlet angle 20 is 25*", the input power of the 
fan motor is minimal. 

[0033] 

Then, the reason thereof will be described with reference to Figs. 6, 12, and 
13. Fig. 13 is a drawing showing a percentage of torque distribution of each 
blade 13 of the cross-flow fan 1 when the outlet angle 20 is 22'', 25'', and 28''. The 
meaning of the plot position and the value in Fig. 13 is a torque percentage at 
each position of the blade 13 in Fig. 6, and the torque percentage means the 
torque of the blade 13 at each position divided by the total sum of the torques of 
the entire blade 13. The meanings of terms in Fig. 13, such as +(22deg) and — 
(22deg), are that "+" is a region increasing the input power of the fan motor and 
" — " is a region reducing the input power of the fan motor. The " — " region 
reducing the input power of the fan motor is a region where the static pressure in 
the pressure surface 15 is smaller than the static pressure in the suction surface 
14 because the attack angle 12 is excessively small and the separation generates 
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in the pressure surface 15. 
[0034] 

In Fig. 13, with increasiag outlet angle 20, a torque percentage of a fan 
delivery region 38 is reduced while a torque percentage of the fan suction region 
10 is increased. This is because whUe an area between blades 13 effective to the 
air flow rate is increased, the attack angle 12 is large in the fan suction region 10 
so that separation is liable to generate in the suction surface 14. 

In contrast, with decreasing outlet angle 20, a torque percentage of the fan 
suction region 10 is reduced while a torque percentage of the fan delivery region 
38 is increased. This is because while the attack angle 12 (see Fig. 3) is small in 
the fan suction region 10 so that separation is difficult to generate in the suction 
surface 14, an area between blades 13 effective to the air flow rate is reduced in 
the fan delivery region 38. 

[0035] 

In Fig. 12, when the outlet angle 20 is 25"*, the input power of the fan motor 
is minimal. As described above, there Qie an advantage and a disadvantage 
when the outlet angle 20 is larger as well as smaller, and in view of both the 
advantage and the disadvantage, the input power of the fan motor is optimal 
when the outlet angle 20 is 25''. 

In the above-description, the outlet angle has been described when the 
angle 4 is 73.6"*. With iacreasing angle 4, the outlet angle 20 minimizing the 
input power of the fan motor is increased while with decreasing angle 4, the 
outlet angle 20 minimizing the input power of the fan motor is reduced. 
Although details are omitted, when the an^e 4 is 90**, the outlet angle 20 
minimizing the input power of the fan motor was 28"* while when 65**, the outlet 
angle 20 minimizing the input power of the fan motor was 22**. 

[0036] 

As described above, there has been a problem that the input power of the 
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fan motor necessary for obtaining a predetermined flow rate is large when the 
angle 4 of the front heat exchanger 2 is not 65 to 90"*; a point A of the back heat 
exchanger 3 closest to the front heat exchanger 2 is positioned adjacent to the 
back heat exchanger 3 from the rotational center O of the cross-flow fan i; and 
the outlet angle 20 of the blade 13 of the cross-flow fan 1 is not 22 to 28*^. 
Whereas the input power of the fan motor necessary for obtaining a 
predetermined flow rate can be reduced under conditions that the angle 4 of the 
front heat exchanger 2 is 65 to 90"*; a point A of the back heat exchanger 3 closest 
to the front heat exchanger 2 is positioned adjacent to the front heat exchanger 2 
from the rotational center O of the cross-flow fan i; and the outlet angle 20 of the 
blade 13 of the cross-flow fan 1 is 22 to 28^. 
[0037] 

Third TCTTihnHiTTiPTit 

In a third embodiment, a range of the inlet angle 21 of the blade 13 of the 
cross-flow fan 1 capable of increasing the flow rate when the fan motor is rotated 
at a predetermined rotational speed is determined by experiments. 

Fig. 14 is a drawing of the structure of the third embodiment according to 
the present invention showing the relationship between the input power of the 
fan motor and the inlet angle; Fig. 15 is a drawing of the structure of the third 
embodiment according to the present invention showing the separation of the 
suction surface 14 in the suction region of the cross-flow fan; Fig. 16 is a drawing 
of the structure of the third embodiment according to the present invention 
showing the separation of the pressure surface in the delivery region of the cross- 
flow fan; and Fig. 17 is a drawing of the structure of the third embodiment 
according to the present invention showing the separation of the suction surface 
14 in the vicinity of a stabilizer. 

The structxire of an air conditioner is the same as that according to the first 
embodiment shown in Fig. 6 in which the range of the inlet angle 21 shown in Fig. 
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4 according to the first embodiment is determined, and the description the 
structure is omitted. 
[0038] 

The cross-flow fan 1 used in the experiments had an external diameter of 
the blade 13 of lOO^l an outlet angle 20 of 25°; a chord length 23 of 12.4 mm; and 
a maximum warp 25 of 2.5 mm; the angle 4 shown in Fig. 6 was 73.6**; and the 
angle 28 was IT-G"*. The numbers of stages of the front heat exchanger 2 and the 
back heat exchanger 3 were 4 and 6, respectively, and the numbers of rows 
thereof were 2; the row pitch of the refrigerant piping 32 was 12.7 mm and the 
stage pitch thereof was 20.4 mm; and the height of the indoor unit 8 was 305 mm. 

Then, the inlet angle 21 of the blade 13 of the cross-flow fan 1 was changed 
in the range of 88 to 104*^, and the flow rate flowing out to the indoor unit 8 while 
the revolving speed of the cross-flow fan 1 was 1500 rpm was investigated. 

[0039] 

The experimental results are shown in Fig. 14. In Fig. 14, when the inlet 
angle 21 is 96° and the revolving speed of the cross-flow fan 1 is 1500 rpm, the 
flow rate flowing out to the indoor unit 8 is set to be 100. As shown in Fig. 14, 
when the inlet angle 2 1 is 96°, the flow rate is maximal. 

[0040] 

Then, the reason thereof will be described with reference to Figs. 6, and 14 
to 17. Fig, 15 is a drawing of relative speed distribution showing an example of 
the separation generated on the suction surface 14 in the fan suction region 10; 
Fig. 16 is a drawing of relative speed distribution showing an example of the 
separation generated on the pressure surface 15 in the fan delivery region 38; 
and Fig, 17 is a drawing of relative speed distribution showing an example of the 
separation generated on the suction surface 14 in the vicinity of a stabilizer 39 
shown in Fig. 1. 

[0041] 
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If the inlet angle 21 is small, in the fan suction region 10, the suction 
surface 14 is difi&cult to be separated, and while the attack angle 12 (see Fig. 3) is 
not excessively reduced in the fan delivery region 38 so that separation is difficult 
to generate in the pressure surface 15, as shown in Fig. 17, there is a problem 
that the suction surface 14 is Kable to be separated in a region 40 in the vidnity 
of the stabilizer 39. In contrast, if the inlet angle 2 1 is large, while the suction 
surface 14 is difficult to be separated in the region 40 in the vicinity of the 
stabilizer 39, as shown in Fig. 15, in the fan suction region 10, the suction surface 
14 is Hable to be,separated, so that as shown in Fig. 16, there is a problem in that 
the attack angle 12 is excessively reduced in the fan delivery region 38, so that 
the separation is hable to generate on the pressure surface 15. 

[0042] 

In Fig. 14, when the inlet angle 21 is 96*^, the flow rate at 1500 rpm is 
maximal. As described above, there are an advantage and a disadvantage when 
the inlet angle 21 is larger as well as smaller, and in view of both the advantage 
and the disadvantage, the flow rate is optimal when the inlet angle 21 is 96**. 

The flow rate is maximal when the inlet angle 2 1 is 96**, so that flow rate 
ratio at this time is set to 100. The allowable range is set to be 0.5% of the 
maximum flow rate ratio, i.e., from 99.5 to 100%, so that the range of the inlet 
angle 21 of from 91 to 100** corresponding thereto is preferable. 

[0043] 

As described above, there has been a problem that the flow rate at a 
predetermined rotational speed is small when the angle 4 of the front heat 
exchanger 2 is not 65 to 90**; a point A of the back heat exchanger 3 closest to the 
front heat exchanger 2 is positioned adjacent to the back heat exchanger 3 from 
the rotational center O of the cross-flow fan i; and the inlet angle 21 of the blade 
13 of the cross-flow fan 1 is not 91 to 100**. Whereas the flow rate at a 
predetermined rotational speed can be increased when the angle 4 of the front 
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heat exchanger 2 is 65 to 90®; a point A of the back heat exchanger 3 closest to the 
front heat exchanger 2 is positioned adjacent to the front heat exchanger 2 from 
the rotational center O of the cross-flow fan i; and the inlet angle 21 of the blade 
13 of the cross flow fan 1 is 91 to 100®. 

[0044] 
Fourth Embodiment 

In a fourth embodiment, a range of hc/D of the blade 13 of the cross-flow 
fan 1 capable of reducing the input power necessary for obtaining a 
predetermined flow rate is determined by experiments where character he 
denotes a maximum warp of the blade 13 of the cross-flow fan 1 and character D 
denotes an external diameter of the blade 13. 

Fig. 18 is a drawing showing the relationship of experimental results 
between the input power of the fan motor when the flow rate flowing out of the 
indoor unit 8 is 16 m^/min and hc/D when hc/D of the blade 13 of an air 
conditioner according to the fourth embodiment of the present invention is 
changed; Fig. 19 is a drawing showing the relationship of e^q^erimental results 
between the flow rate of the air conditioner according to the fourth embodiment 
of the present invention at 1500 rpm and hc/D; and Fig. 20 is a drawing of the 
structure of the fourth embodiment according to the present invention showing 
the separation on the suction surface in the fan suction region. 

The structure of an air conditioner is the same as that according to the fixst 
embodiment shown in Fig. 6 in which the range of hc/D shown in Fig. 4 according 
to the first embodiment is determined, and the description the structure is 
omitted. 

[0045] 

The cross-flow fan 1 used in the experiments had an external diameter of 
the blade 13 of 100<|); an outlet angle 20 of 25**; an uilet angle 21 of 96**; a chord 
length 23 of 12.4 mm; and a maximum blade thickness 41 of 1.07 mm; the angle 4 
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shown in Fig. 6 was 73.6**; and the angle 28 was 17.6**. The numbers of stages of 
the front heat exchanger 2 and the back heat exchanger 3 were 4 and 6, 
respectively, and the numbers of rows thereof were 2; the pitch of the refidgerant 
piping 32 was 10.2 mm; and the height of the indoor unit 8 was 305 mm. 

Then, hc/D was changed in the range of 0.024 to 0.029, and the input power 
of the fan motor necessary for obtaining the flow rate flowing out of the indoor 
unit 8 of 16 m^/min was iavestigated, where character he denotes a maximum 
warp of the blade 13 and character D denotes an external diameter of the blade 
13. 

[0046] 

The experimental results are shown in Fig. 18. In Fig. 18, when hc/D is 
0.026 and the flow rate flowing out of the indoor unit 8 is 16 m^/min, the input 
power of the fan motor is set to be 100. Also, in Fig. 19, when hc/D is 0.024 at 
1500 rpm, the flow rate is set to be 100. 

As shown in Fig. 18, when hc/D is 0.026, the input power of the fan motor 
necessary for obtaining a flow rate flowing out of the indoor xmit 8 of 16 m^/min is 
minim al. As shown in Fig. 19, with increasing hc/D, the flow rate at 1500 rpm is 
increased. 

[0047] 

Then, the reason thereof wiU be described with reference to Figs. 18 to 20. 
Fig. 20 is a drawing showing the separation on the suction surface 14 in the fan 
suction region 10. 

As shown in Fig. 20, if hc/D is large, the separation is Hable to generate at 
the leading edge 18 of the suction surface 14, while when hc/D is small, although 
the separation is difficult to generate at the leading edge 18 of the suction surface 
14, the separation is Hable to generate at the trailing edge 19 of the suction 
surface 14. Hence, as shown in Fig. 18, the input power of the fan motor is 
minimal when hc/D is 0.026. 
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[0048] 

Also, with increasing hc/D, the warp is increased so as to have a high lift. 
Thus, as shown in Fig. 19, the flow rate at a predetermined rotational speed is 
increased. 

In the above-description, hc/D has been described when the angle 4 is 73.6°. 
When the angle 4 is QC, hc/D minimizing the input power of the fan motor has 
been 0.025 while when the angle 4 is 65°, hc/D minimizing the input power of the 
fan motor has been 0.028, 

Hence, when hc/D is in the range of 0.025 to 0.028, the input power of the 
fan motor necessary for obtaining a predetermined flow rate is reduced, so that 
the flow rate at a predetermined rotational speed can be increased. 

[0049] 

As described above, there has been a problem that the input power of the 
fan motor necessary for obtaining a predetermined flow rate is large when the 
angle 4 of the front heat exchanger 2 is not 65 to 90°; a point A of the back heat 
exchanger 3 closest to the front heat exchanger 2 is positioned adjacent to the 
back heat exchanger 3 from the rotational center O of the cross-flow fan i; and 
hc/D is not in the range of 0.025 to 0.028, where character D denotes an external 
diameter of the blade 13 of the cross-flow fan 1 and character he denotes a 
maximum blade thickness 41. Whereas the input power of the fan motor 
necessary for obtaining a predetermined flow rate can be reduced when the angle 
4 of the front heat exchanger 2 is 65 to 90°; a point A of the back heat exchanger 3 
closest to the front heat exchanger 2 is positioned adjacent to the front heat 
exchanger 2 from the rotational center O of the cross-flow fan i; and hc/D is in 
the range of 0.025 to 0.028, where character D denotes an external diameter of 
the blade 13 of the cross-flow fan 1 and character he denotes a msiximum blade 
thickness 41. 

[0050] 
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Fifth Emb nriiTTriAnt 

In a fifth embodiment, in order to reduce the input power of the fan motor 
necessary for obtaining a predetermined flow rate, variations of pressure loss due 
to an airflow resistor in the side of the fi:ont heat exchanger 2 and an airflow 
resistor in the side of the back heat exchanger 3 are determined by experiments. 

The structure of an air conditioner is the same as that according to the first 
embodiment shown in Fig. 9, so that the description thereof is omitted. 

[0051] 

In the experiments, as shown in Fig. 9, the airflow resistor in the side of 
the front heat exchanger 2 is to be the auxiliary heat exchanger 43 while the 
airflow resistor in the side of the back heat exchanger 3 is to be an auxiliary heat 
exchanger 44. As shown in Table 1, in case A, the respective draft resistances of 
the auxiliary heat exchanger 43 and the auxiliary heat exchanger 44 are i; in 
case B, the draft resistance of the auxihary heat exchanger 43 is 2 (twice the 
draft resistance of the auxiliary heat exchanger 43 in case A) and the draft . 
resistance of the auxiliary heat exchanger 44 is 1 (the same as the draft 
resistance of the auxfliary heat exchanger 44 in case A); and in case C, the draft 
resistance of the auxfliary heat exchanger 43 is 1 and the draft resistance of the 
auxiliary heat exchanger 44 is 2. Under these conditions, when the flow rate 
flowing out of the indoor unit 8 is 16 m^/min, the input power of the fan motor is 
investigated. 
. [0052] 
[Table l] 

The draft resistance of the auxiliary heat exchanger and the input power of 
the fan motor 
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case 


draft resistance of auxiliary heat 
exchanger 


fan motor input power 
^at iiow rate oo m^/nun/ 


the auxiliary heat 
exchanger 43 


the avixiUary heat 
exchanger 44 


A 


1 


1 


100 


B 


2 


1 


106.4 


C 


1 


2 


104.6 



[0053] 

The experimental results are shown in Table 1. In case A, when the 
respective draft resistances of the auxiliary heat exchanger 43 and the auxiliary 
heat exchanger 44 are 1, the input power of the fan motor is set to be 100 when 
the flow rate is 16 m^/min. 

The input power of the fan motor is minimal in case Aj is 106.4 in case B 
which is maximal; is 104.6 in case C which is intermediate. From these results, 
in order to reduce the input power of the fan motor, it is most preferable that the 
draft resistance of the auxiliary heat exchanger 43 be the same as that of the 
auxiliaiiy heat exchanger 44, and it is preferable that the draft resistance of the 
auxiliary heat exchanger 43 be smaller than that of the auxiliary heat exchanger 
44. 

That is, in order to reduce the input power of the fan motor, it is most 
preferable that the draft resistance of the auxiliary heat exchanger 43 be the 
same as that of the auxiliary heat exchanger 44, and it is preferable that the 
draft resistance of the auxiliary heat exchanger 43 be smaller than that of the 
auxihary heat exchanger 44. 

[0054] 

The reasons thereof will be described with reference to Fig. 9. From the 
vector drawing of Fig. 9, with increasing velocity vector 36 and with decreasing 
angle 37, in the fan suction region 10, the attack angle 16 can be reduced, so that 
the separation in the suction surface 14 can be suppressed. In order to increase 



-23- 



the velocity vector 36 and to reduce the angle 37, it is preferable that the velocity 
vector 34 be increased and the direction of the vector be inclined toward the 
horizon; the velocity vector 35 be reduced and the vector be inchned toward the 
verticahty. The results of Table 1 represent that with increasing velocity vector 
36 and with decreasing angle 37, the input power of the fan motor is smaller. 
[0055] 

According to the embodiment, as the resistors before the wind of the front 
heat exchanger 2 and the back heat exchanger 3, the auxUiairy heat exchangers 
43 and 44 are used; alternatively, a draft resistor, such as an electric precipitator, 
may also be used. However, the air-cleaning fQter 5 cannot be included in the 
draft resistor. The definition of the pressure loss of the draft resistor on the side 
of the front heat exchanger 2 and the pressure loss of the draft resistor on the 
side of the back heat exchanger 3 is the static pressure difference between 
upwind and down \vind when each resistor is placed in a wind txmnel and air is 
run through at the saine flow rate in a direction perpendictdar to the firont heat 
exchanger 2 and the back heat exchanger 3. In addition, the pressure loss of the 
draft resistor on the side of the front heat exchanger 2 and the pressure loss of 
the draft resistor on the side of the back heat exchanger 3 can be adjusted with 
fin pitches of the firont heat exchanger 2 and the back heat exchanger 3, the pipe 
pitch of the refrigerant piping 32, and the shape of the sHt 46. 

[0056] 

As described above, there has been a problem that when the pressure loss 
of the draft resistor on the side of the fi*ont heat exchanger 2 is larger than the 
pressure loss of the draft resistor on the side of the back heat exchanger 3, the 
input power of the fan motor necessary for obtaining a predetermined flow rate is 
large. Whereas, by reducing the pressure loss of the draft resistor on the side of 
the fi-ont heat exchanger smaller than the pressure loss of the draft resistor on 
the side of the back heat exchanger 3, airflow from the front heat exchanger 
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toward the cross-flow fan 1 is generated, so that the attack angle of the blade 13 
in the suction region of the cross-flow fan 1 can be reduced. Thereby, the airflow 
is difficult to stall in the suction surface 14 so that the input power of the fan 
motor necessary for obtaining a predetermined flow rate can be reduced. 

[0057] 
Sixth Embodiment 

Fig. 2 1 is a sectional view of an indoor unit of an air conditioner according 
to a sixth embodiment; Fig. 22 is a drawing showing the relationship of 
experimental results between the input power of the fan motor and L/D when 
L/D is changed and the flow rate flowing out of the indoor unit 8 is 16 m^/min, 
where character D denotes an external diameter of the blade 13 of the cross-flow 
fan 1 and character L denotes a distance 48. The distance 48 denotes a 
horizontal distance between a pbicit of the head of a suctLon panel 47 adjacent to 
the front heat exchanger 2 and a point of the front heat exchanger 2 closest to the 
suction panel 47. Also, in Fig. 22, whenvL/D = 0.6, the input power of the fan 
motor is set to be 100. 

[0058] 

Fig. 23 is a drawing showing a velocity vector sum of a velocity. The 
velocity vector sum 49 shown ia Fig. 23 is a vector sum of a velocity vector 50 at 
the point P of intersection of a straight line passing the midpoint L of points H 
and I of the auxiliary heat exchanger 43 perpendicularly to the front heat 
exchanger 2 and a velocity vector 51 at the point Q of intersection of a straight 
line passing the midpoint M of points J and K of the auxiliary heat exchanger 44 
perpendicularly to the back heat exchanger 3. 

[0059] 

As shown in Fig. 22, with increasing L/D, the input power of the fan motor 
necessary for obtaining a predetermined flow rate is reduced^ however, if L/D a: 
0.4, the input power of the fan motor hardly varies. 
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Then, the reasons thereof will be described. Since with increasing distance 
48, the velocity vector sum 49 is increased, a horizontal vector component 52 of 
the velocity vector sum 49 is increased so that an angle 53 is reduced. The 
reason is that since the attack angle 12 in the suction region 10 of the cross-flow 
fan 11 is reduced, airflow is diffictdt to stall in the suction surface 14. If air does 
not pass thorough the suction panel 47 and the distance 48 is small, air is 
difficult to flow through the upper portion of the front heat exchanger 2 because 
the draft resistance is small in bottom portions of the back heat exchanger 3 and 
the front heat exchanger 2. 

[0060] 

As described above, there has been a problem that the input power of the 
fan motor necessary for obtaining a predetermined flow rate is large when L/D < 
0.4. Whereas, by rendering the ratio L/D ^ 0.4, the attack angle 12 in the suction 
region 10 of the cross-flow fan 1 can be reduced so that the input power of the fan 
motor necessary for obtaining a predetermined flow rate can be reduced. 



